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Abstract 
Mitochondria perform several important functions in the light. Oxidative phosphorylation is probably the main process to supply ATP 
for the cytoplasm both in the light and the dark. TCA cycle intermediates are important for biosynthetic reactions especially in the light 
and mitochondria lso appear to fulfill very important functions to regulate the redox state of the cell in the light. Taken together, the 
mitochondrial functions in the light are important components of a very flexible metabolic system in plants. The high flexibility is 
probably a necessary adaptation to the fluctuating environmental conditions that plants encounter during growth in their natural 
environment. 
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1. Introduction 
1.1. General background 
Photosynthetic plant cells have two ATP producing 
organelles: chloroplasts and mitochondria. In darkness the 
cells depend on mitochondrial ATP from respiratory 
metabolism. In light, on the other hand, the chloroplasts 
convert light energy into chemical energy in the form of 
ATP and NADPH, used to fix atmospheric CO 2 in photo- 
synthetic metabolism. Thus, it is interesting to find out 
how photophosphorylation in the chloroplasts and oxida- 
tive phosphorylation i the mitochondria re coordinated at 
the cellular level. Apart from ATP production mito- 
chondria also fulfill biosynthetic functions. These are likely 
to be important both in light and in darkness. A key factor 
for the interaction between chloroplasts and mitochondria 
is photorespiration, a process present in all photosynthe- 
sizing cells except where an active CO 2 concentrating 
mechanism is operating. Photorespiration leads to a light- 
dependent oxygen uptake and CO 2 release, the same gas 
exchange characteristics as respiration. However, the un- 
derlying reactions are completely different. To distinguish 
'normal' respiration from photorespiration the former is 
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sometimes in plants referred to as 'dark' respiration. Here I 
will describe some important functions of leaf mito- 
chondria in connection to photosynthetic metabolism. The 
conclusion will be that mitochondria fulfill very important 
functions in the light both with respect o ATP production, 
biosynthetic reactions and for regulation of the redox 
balance of the cell. 
1.2. Photorespiration 
A major role for mitochondria in photosynthetic cells is 
to perform reactions associated with photorespiration. This 
light dependent reaction sequence is initiated when oxy- 
gen, instead of CO 2 is fixed to a five-carbon molecule by 
Rubisco in the chloroplast stroma ([7]). The product from 
the carboxylation reaction is two three-carbon molecules 
(3-phosphoglyceric acid), whereas the oxygenation reac- 
tion produce a two-carbon molecule (phosphoglycolate, 
PGL) in addition to the three-carbon product. The amount 
of PGL that is formed is considerable since one oxygena- 
tion reaction occurs for every two to three carboxylation 
reactions. In a reaction sequence, often referred to as the 
glycolate cycle, 75% of the carbon in PGL will be returned 
back to the chloroplast following reactions in the peroxi- 
somes, mitochondria nd chloroplasts. The mitochondrial 
reaction involve oxidative decarboxylation of glycine pro- 
ducing CO 2, NH 3 and methylene tetrahydrofolate in a 
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reaction coupled to reduction of NAD to NADH. All of the 
released ammonium and some of the CO 2 will be refixed 
in the chloroplasts in energy requiring reactions. In a 
second mitochondrial reaction the coenzyme bound methy- 
lene group is combined with another molecule of glycine 
to produce serine. The three carbons of serine is then 
returned back to the chloroplastic CO 2 fixation pathway 
via reactions in the peroxisomes. The extra-chloroplastic 
reactions of the glycolate cycle produce NADH in the 
mitochondria and consume an equimolar amount of NADH 
in the peroxisomes in the reactions leading back from 
serine. The NADH from mitochondrial glycine oxidation 
can be reoxidized either by the electron transport chain or 
be shuttled out to the peroxisomes. Due to the big flow of 
carbon in the photorespiratory pathway it is likely that 
glycine is the most important substrate for respiration in 
leaf mitochondria in the light. The reduction of NAD to 
NADH in the mitochondrial matrix is an obvious site for 
interaction with other mitochondrial functions, in particular 
TCA cycle linked reactions. 
2. Mitochondrial ATP production 
Mitochondrial ATP production has often been regarded 
as superfluous in the light when photophosphorylation is 
active in the chloroplasts. However, several recent results 
point to mitochondrial oxidative phosphorylation as being 
the main mechanism to supply ATP for the cytosol also in 
the light [3,9]. It has been shown that oligomycin, a 
specific inhibitor for the mitochondrial ATPase, will re- 
duce the maximal capacity for photosynthesis in isolated 
protoplasts and intact leaves [8]. This is associated with a 
drastic lowering of the cytosolic ATP/ADP ratio with no 
effect on the chloroplastic ratio. From experiments with 
isolated protoplasts it has further been shown that the 
cytosolic ATP/ADP ratio is higher under photorespiratory 
conditions than under non-photorespiratory conditions [2]. 
This indicates that some of the NADH produced in glycine 
oxidation is reoxidized by the mitochondrial respiratory 
chain coupled to ATP production. If some of the NADH is 
reoxidized inside the mitochondria, the same amount must 
be supplied to the peroxisomes from elsewhere. This can 
be obtained by a malate/oxaloacetate exchange over the 
chloroplast envelope regulated by chloroplastic NADP- 
malate dehydrogenase, which is a light activated enzyme 
[10]. The net effect of these reactions would be an export 
of reducing equivalents from the chloroplast stroma to the 
mitochondria resulting in a photorespiratory dependent 
export of reducing equivalents from the chloroplasts to 
support mitochondrial oxidative phosphorylation i the 
light. Although several experimental evidences indicate 
that mitochondrial ATP production continues in the light it 
must be stressed that plant mitochondria have a very 
flexible coupling between electron transport and ATP pro- 
duction. In bypass reactions at the level of complex I and 
the alternative oxidase the transfer of an electron pair from 
NADH to water could yield anything between 0 to 3 ATP. 
This flexibility is highlighted by the recent advances in 
understanding of how the alternative oxidase is regulated 
[1]. 
3. Carbon intermediates 
Under many conditions a decrease in respiratory linked 
decarboxylations is observed in the light as compared to 
darkness. This would indicate a light dependent inhibition 
of TCA cycle decarboxylations. The site of regulation is 
likely to be the mitochondrial PDC affected by mitochon- 
drial photorespiratory reactions [4]. The complex in plant 
mitochondria is like its animal and yeast counterparts 
regulated by reversible protein phosphorylation. A light 
dependent inactivation might be due to stimulation of the 
PDC kinase by NH~, but also by increased ATP levels 
linked to photorespiration. Under some conditions in the 
light a high demand for TCA cycle intermediates would be 
expected i.e. during active nitrate assimilation. Although 
most amino acid biosynthesis  taking place in the chloro- 
plasts TCA cycle intermediates are needed as metabolic 
building blocks. Preliminary results have indicated that 
malate is a stimulator of PDC causing increased Vma X and 
lowered K m for CoA. Thus, malate might function as a 
signal to increase PDC activity to meet biosynthetic de- 
mands. Also, a partial TCA cycle operating in the light 
could serve the function to supply carbon intermediates in 
spite of a lower overall turnover [5]. 
4. Regulation of cellular redox levels 
When photosynthetic cells are transferred from darkness 
into light they switch from respiratory metabolism to 
photosynthetic metabolism. If the transfer is abrupt a delay 
is observed until photosynthesis tarts. This induction phase 
was found to be delayed when mitochondrial electron 
transport or oxidative phosphorylation was inhibited. The 
delay coincided with overreduction f chloroplast electron 
carriers. In cold adapted plants an inhibition of mitochon- 
drial oxidative phosphorylation by oligomycin inhibited 
photosynthesis more than in non-adapted plants [6]. This 
was also related to increased reduction of chloroplast 
electron carriers which might indicate that mitochondria 
have important functions in adaptation to stress situations 
in plants. Isoenzymes of malate dehydrogenase are found 
in both chloroplasts, peroxisomes, mitochondria and cyto- 
plasm of photosynthetic cells. This together with oxaloac- 
etate and malate translocators in the inner envelope mem- 
brane of chloroplasts and inner membrane of mitochondria 
makes up an extensive system for transfer of redox equiva- 
lents between compartments [9]. However, these processes 
must be tightly regulated since otherwise an equilibration 
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of redox states between compartments would occur. Any- 
way, the possibilities for transport of redox equivalents 
combined with the flexible coupling to ATP production in 
the mitochondrial e ectron transport chain make up a flexi- 
ble system of compartmentalized ATP and NAD(P)H pro- 
duction and consumption to meet different metabolic needs. 
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